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FACTORS FOR CONVERTING INCH-POUND UNITS TO
INTERNATIONAL SYSTEM (SI) UNITS

The following factors may be used to convert the inch-pound units published
herein to the International System of Units (SI)

Multiply inch-pound units By To obtain SI units
miles 1.609 kilometers
square miles 2.590 square kilometers

cubic feet per second 0.02832 cubic meter per second



METHOD FOR ESTIMATING THE MAGNITUDE AND
FREQUENCY OF FLOODS AT UNGAGED SITES ON
UNREGULATED RURAL STREAMS IN IOWA

By Oscar G. Lara

ABSTRACT

This report provides techniques and procedures for estimating the
probable magnitude and frequency of floods at ungaged sites on Iowa
streams. Physiographic characteristics were used to define the boundaries
of five hydrologic regions. Regional regression equations that relate the
size of the drainage area to flood magnitude are defined for estimating
peak discharges having specified recurrence intervals of 2, 5, 10, 25, 50,
and 100 years. Regional regression equations are applicable to sites on
streams that have drainage areas ranging from 0.04 to 5,150 square miles
provided that the streams are not affected significantly by regulation
upstream from the sites and that the drainage areas upstream from the sites
are not mostly wurban areas. Flood-frequency characteristics for the
mainstems of selected rivers are presented in graphs as a function of
drainage area.

INTRODUCTION

This report represents the fourth update in the last 33 years of the
magnitude and frequency of floods in Iowa. Flood reports were updated to
provide more dependable flood-data and more accurate and reliable methods
for estimating the magnitude and frequency of floods. These estimates are
needed to implement efficient flood-plain management strategies and for
economical design of highway structures, levees, and buildings in the flood
plain. Economic design criteria require the availability of adequate data
with long periods of record, improved analytical methods, and better
understanding of the flood hydrology of Iowa.

The first of three previous reports (Schwob, 1953) was limited to an
analysis of the magnitude and frequency of floods that was based on data
collected in Iowa before 1950. A second report (Schwob, 1963) included
updated data and a method for estimating magnitude and frequency of floods
at sites on ungaged rural streams that had drainage areas of 10 square
miles or more. The third report (Lara, 1973) was prepared using data
updated through 1972. This report also included a method for estimating
the magnitude and frequency of floods at sites on ungaged rural streams
that had drainage areas of two square miles or more.



The purpose of this report is to present a simple and effective method
to estimate the magnitude and frequency of 'floods at ungaged sites on
unregulated rural streams in Iowa. The regional flood-frequency equations
and techniques presented in this report, which were defined from an updated
data set, should provide flood estimates with increased reliability
compared to previous reports.

REGIONAL ANALYSIS

Methods of estimating flood magnitudes and frequencies applicable to
an entire region rather than to a single gaging station are developed
through regional analysis. Many structures are built across or adjacent to
streams at sites where there is no record of streamflow. For this reason,
methods are needed to extend information pertaining to flood magnitude and
frequency based on gaging-station data from gaged to ungaged sites. Flood
data for a single station are relatively short-term random samples and may
not be representative of the long-term distribution of floods at that
station. Combining records for stations in a hydrologically similar area
decreases errors associated with relatively short-term nonrepresentative
samples.

The magnitudes of floods in Iowa vary cénsiderably from one region to
another as a function of drainage basin efficiency. River basins with
minimal drainage efficiency, such as those' in north-central Iowa, are
characterized by flat terrain. Streams draining these basins have
considerably smaller peak discharges than do streams draining basins having
steep terrain and well developed drainage systems, such as the basins in
the Paleozoic Plateau Escarpment area of eastern Iowa (Prior, 1976).
Typically, the discharge per square mile of a stream in the escarpment area
is about 1230 cubic feet per second during a 100-year-flood, whereas the
discharge per square mile of a stream in north-central Iowa is about 230
cubic feet per second during a 100-year flood. These two areas are about
100 miles apart and the climatic differences such as temperature, average
precipitation, and relative humidity are notisignificant enough to account
for the differences in flood magnitude. However, the physiographic
differences between these two areas are significant (Prior, 1976, p.23,
fig. 22).

The largest floods per unit area occur within 100 miles west of the
Des Moines Lobe (north-central Iowa) along the rugged bluffs and steep
ridges that border the Missouri River valley. Flood data collected in this
area from both Iowa and Nebraska indicate that the discharge of a stream
draining a 1l-square-mile basin is as much as 1880 cubic feet per second
during a 100-year flood. Therefore, it seems reasonable to delineate
hydrologic regions based on the landform and physiographic characteristics
of the State.

Five hydrologic regions have been identified and delineated 1in Iowa
using physiographic regions of Iowa as a guide. Prior (1976) gives a
detailed description of the physiographic regions of Iowa, discussing the
shape of the 1land surface, materials that junderlie the land surface, and
the geologic history. |
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Hydrologic Region 1

Hydrologic region 1 (fig. 1) extends north and south along the bluffs
that border the Missouri River valley, with limits approximating those of
the physiographic area known as the Western Loess Hills (Prior, 1976). The
landscape has a corrugated appearance of alternating waves and troughs.
Hills are sharp-featured, with narrow broken ridge-crests, intersecting
spurs, and steep-sided slopes; the landscape is conducive to rapid runoff.
The western border of the region is well defined and easily distinguished
on topographic maps and in the field. The eastern border is more difficult
to define and merges gradually with the landscape of hydrologic region 2.

Hydrologic Region 2

The bluff area that borders the Mississippi River valley is typical of
the landscape in hydrologic region 2 (fig. 1). The 1landscape can vary
from rugged to rolling topography, where runoff may be rapid, commonly
causing flash flooding. Bluff-like areas are not only located in the
vicinity of the Missisippi River, they also are present along the divide
between the Mississippi River and Missouri River basins; in parts of the
Iowa and Cedar River basins, in areas that border the Western Loess Hills,
and in the headwater parts of basins of streams in south-central Iowa.

Hydrologic Region 3

Hydrologic region 3 is the largest hydrologic region (fig. 1). Most
of the area in this region is typical of landscapes in Iowa. The
topography of this region can be described as steeply to gently rolling
hills interspersed with areas of more subdued topography. The area has a
well-established drainage system. Physiographically, it covers most of the
Iowan Surface, a large part of the Southern Iowa Drift Plain, and the
Northwest Iowa Plains (Prior, 1976).

Hydrologic Region 4

This hydrologic region, which is located in west-central TIowa (fig.
1), is characterized by level terrain and a poorly developed drainage
system. The region coincides approximately with the southern two-thirds of
the Des Moines Lobe (Prior, 1976). Many clusters of ponds and marshes with
no drainage outlets are present in this region. Small streams in level
areas are shallow and sluggish.



Hydrologic Regi#n 5

This hydrologic region in north-central Iowa (fig. 1) coincides
approximately with the northern part of the Des Moines Lobe (Prior, 1976).
The magnitude of floods in this region are the smallest per unit area in
the State. This is due to the flat topography and flood-attenuating effect
of abundant bogs, swales, and circular depressions.

FLOODS

Floods at Gaged Sites

The magnitude and frequency of floods at gaged sites are determined
using flood-frequency curves. These curves relate maximum annual discharge
peaks to probability of occurrence or recurrence interval. Probability of
occurrence is the chance that a given flood magnitude will be equalled or
exceeded in any year. If there is 1 chance in 10, the probability is .1.
Recurrence interval is the reciprocal of the probability of occurrence.
For example, a flood with a probability of occurrence of .0l in any year
has a recurrence interval of 100 years. This does not mean that a 100-year
flood will only occur every 100 years or 100 years from now. The 100-year
flood is a flood of such magnitude that the odds are 1 in 100 (or 1 percent
chance or .01 probability) that it will be exceeded in any year. Several
100-year floods could occur in a single year.

Flood-frequency curves for gaged siteps were prepared using the
guidelines for determining flood-flow frequencies published by the
Interagency Advisory Committee on Water Data (1982). These guidelines were
specifically developed for the analysis of apnual flood-peak discharge in
drainage basins where streams are not affected appreciably by regulation
and where at least 10 years of systematic records have been collected.
Special attention was given to wusing methods designed to increase the
reliability of the frequency curves: the use of historic flood data,
comparison between flood and storm records, and flood flow analysis at
nearby hydrologically similar watersheds.

from flood-frequency curves for each gaged site. A list of these flood
discharges for all the gaging stations in Iowa and adjacent States (fig.
1) used for preparing this report is presented in table 1.

Flood discharges for selected recurrenEe intervals were determined



Regional Flood Frequency Equations

The historical record of flood peaks at 251 gaged stations in Iowa and
adjacent States were used in the development of regional flood-frequency
equations. All gaging stations were separated into groups representing the
hydrologic regions shown on figure 1. A gaging station was included in the
analysis of only one hydrologic region if more than two-thirds of the
drainage area is in that region. If less than two-thirds of the drainage
area is in any single hydrologic region, the station was used in the data
set for both regions. Within each regional data set, a series of subsets
of the flood discharges for recurrence intervals of 2, 5, 10, 25, 50, and
100 years were made. The resulting subsets were used to define the
relation between flood discharge and drainage area for each recurrence
interval in each of the five hydrologic regions.

Least-squares regression analysis was used to define relations between
flood discharge and drainage area. The general form of the equations
developed from this analysis are:

Log Qt = blLog A + Log c.

On transformation the equation becomes:

b
= cA
Qt
where Qt = the discharge for the selected recurrence interval, in
cubic feet per second;
A = the drainage area, in square miles; and
b and ¢ = regression equation coefficients.

Flood frequency equations for each of the five hydrologic regions are
listed in table 2.

Previous flood reports (Schwob, 1963 and Lara, 1973) indicated that
comparing the magnitude of floods to the drainage area and the slope of the
main channel accounted for a large part of the variance in the magnitude of
flood peaks. This study indicated that within the newly delineated
hydrologic regions, the size of the drainage area and the slope of the main
channel are significantly correlated. Therefore, the channel slope was not
used as an independent variable for these equations.

The flood-frequency equations for each hydrologic region in Iowa
(table 2) were developed wusing drainage area as the only independent
variable. These equations explain from 71 to 95 percent of the variance in
the flood discharges in all cases tested. An attempt was mnot made to
identify other independent variables. It was assumed that most of the
unexplained variance is due to spatial-sampling errors, varying lengths of
station record, errors in the measurement of stage and discharge,
uncertainties in the stage-discharge rating curves and the use of drainage
area as the only independent variable. Unexplained variation is quantified
as the standard error of estimate (table 2) and was calculated using
methods described by Hardison (1971, p €231-C232).



Floods on Mainstems

Basin shape has a considerable affect on the magnitude of floods.
Fan-shaped basins, with well-developed drainage rapidly drain excess
runoff. Long and narrow basins with few tributary streams yield smaller
flood peaks than basins of comparible size with different shapes.

Many major rivers in Iowa have fan-shaped basins along the upstream
reaches and long, narrow basin shapes along the downstream reaches. The
narrow basins along the downstream reaches markedly attenuate the magnitude
of the flood peaks. A typical example of this is the Cedar River basin.
Along the upstream reaches of the Cedar River, the Shell Rock River, West
Fork Shell Rock River, and Beaver Creek all join the Cedar River upstream
from Cedar Falls within a distance of about 7 river miles. About 11 river
miles farther downstream, Blackhawk Creek enters the Cedar River at
Waterloo. The combined drainage area of these tributary streams is about
3,400 square miles. The total drainage area of the Cedar River increases
from 1,661 square miles at the gaging station in Janesville (site 101), to
5,146 square miles at the gaging station in Waterloo (site 116), about a
210-percent increase in drainage area in 19 river miles. Downstream from
Waterloo, the basin is narrower with few tributary streams. The drainage
area at the gaging station in Cedar Rapids (site 122) is 6,510 square
miles, an increase in drainage area of about 26 percent in 182 river miles.

The extent of flood attenuation between the gaging stations in
Waterloo (site 116) and Cedar Rapids (site 122) can be assessed by
comparing the magnitude of the 100-year flood at each station (table 1).
The discharge of a 100-year flood at Waterloo (44 years of record) is
97,100 cubic feet per second and that at Cedar Rapids (82 years of record)
is 83,000 cubic feet per second, a 14 percent flood attenuation. Readers
interested in comparing the effects of flood attenuation for a single flood
may consult a companion report (Lara and Eash, 1987) where basic data
collected in Iowa are tabulated.

Data on the magnitude and frequency of floods for major streams in
Iowa with basin configurations similar to that of the Cedar River are
presented in graphs that compare the magnitude of the peaks to drainage
area. Graphs showing flood magnitude and frequency along the mainstem of
seven rivers are shown in figures 2 to 8.

Maximum Floods

Previous flooding in Iowa needs to be considered when planning
projects in flood plain areas where structural failures may be life
threatening. Data for maximum flood and related information are shown in
table 3. These data indicate maximum floods without reference to frequency
of occurence at some stations; the ratio of the maximum flood to the
computed 100-year flood is listed instead of recurrence interval. These
data are intended as a guide for making estimates of the discharge of rare
floods at a given stream site,.



‘87 93TS 03 /7 93TS WOXF ISATY £L8jIn] JoO
wajsurew BUOTE STBAXSUI 90USIINDSI pPaleOIpul Io3F sadaeyosIp pooTd--'zg 2anl1g

S37IN 3¥VYNDS 40 SAIYANNH NI ‘V3¥V JOVNIVYHA
1d! €l 2l 11

Ol

20

1

S0

ol 0

620

0S 0

WQT?T

ol d

(82 941S) Dmo| ‘19QUDY 4D 43AIY Aaxin]l - 00G2IHSO O
(22 2415) pmo| ‘18pDY|] 4D J3ALY Kayan] - 00021¥SO0 O

ol

02

0g

ob

0s

ANO0D3S ¥3d 1334 218N2 40 SANVSNOHL NI ‘398VHOSIA



bve

*Z9 ©3TS 031 G 93]S wox3y IaaTy uodjurdisdem 3o

welsufew SuoTe STBAIS3UT 9OUSIANDSX POIBOTPUF 203 s981eYdSTP pooTd--'¢ @andid

(44

S3TIW 38VNDS 40 SA3UANNH NI ‘v34¥VY 39VNIVNA

Ow . al .w_ vl

gl

Ol

i 0
)
20
.. ol
)
S0
(S . e R
010
02
. )
A
)
_ 0G0
) . —)
S 001D o¢
C o
ov
(29 2418) 0MO| ‘4}1M 3Q Jpau Jan1y uodiuidisdBm -00022HS0 O
(S 241s) omo| ‘aduapuadepu| {0 Jaaly uodluidisdom-000I2#S0 O
_ os

GNOD36 ¥3d 1334 218ND 40 SANVSNOHL NI ‘39M¥VHOSIA



*QZT 92TS 02 9T 93TS WOIJF IBATY IBpPdH JO
wajsurew ZuoTe STeAI9]lUT 90USIINDDI POIBITPUT I03F S93IVYDSIP PoOTi--'+ 8indTg

S3T1IN 3¥VNDS 40 SA3YANNH NI ‘v3¥V 39VNIVHA

9L 2L 89 v9 0s 96 2S 8t
02
- ©

> 20
—— S oy

G0

N

(O] ]v] 09

\\I\I\Il\lllml/ G20

.\\\\\\\lr.\.\\\\\\l\\\\mj// osdo [ ©
¥IO

0ol

(9321 @4!s) omo] ‘8[|1AS3UOD JDBU UBAIY JDPAD - 0OOGOYSO W
(221 941s) omo| ‘spidoy 4opad 4o J8AIY 10PED - 00GHOHSO O
(911 8418) oMol ‘00[484DM 4D 4BAIY JDPBD-000PIHGO O

| _

ozcl

10

ONOD3S ¥3d 1334 218N0 40 SANVSNOHL NI ‘39MVHOSIA



144

“€4T 23TS 03 Q%1 93FS WOIF IAATY UNAS JO

wo3sujell SUOT® STEAIOIUF 90USAINDIOX PIl1vOFPUf 20J sSaBaeyosip poolg--'§ =Indig

[44

ov

SITHN JHYNDS J0 STIYANNH Ni‘'¥IHVY IOVNIVHC
9¢

8¢

1 43

c%

—

T

20

S0

otd

Ggeo

L

]

0G0

b

0010

_

(et| 911s) omo| ‘pysnbBny §o JaAIY WUNYS -000P.LPSO O
(Obt 3115) DMO| ‘y20ddoD D JBAIY WUNYS - 000ELPSO O

|

_

8e

ot

Q2

o¢

ot

0os

0F: ]

GNOJ3S ¥3d 1334 218n0 40 SANVSNOHL NI ‘394VHISIA

11



8¢

"TT¢ @3FS 02 907 23TS WOIF JI9ATY XNOTS STIITT JO
waasuTewl 3uole STBAISIUT 90ULIINDSI PIIBOTPUI I0F sa81evyosip pooTlg--'9 2an3Tjg

S37IN 3¥VNDS 40 SAIUANNH NI ‘vI¥V IOVNIVHQ

92 e 22 (01 8| 9l i4l N_O
—)
= 20
v
— Ol
=1 G0
N
-
F— = old
0¢
q{ wJ ‘O
G20
TI..{ _
— o
f]l (o] °}v]
/
/
001 0 ©
ot
(112 @41s) DMO| ‘y03qauudy 4D3u JBAIY XNOIG 31447 - 00290990
(Ol2 941s) DMO| ‘3 |1AUO1}I34I0D 4D JBAIY XNOIS 3144171 -00990990 O
(902 84is) DMOj ‘8A0J9 431|119 4D JBAIY XNOIS 314417 - 00960990 O
L I | 1 0S

AN0D3S ¥3d 1334 218NO 40 SANVSNOHL NI ‘398VHOSIA

12



wajsuleu Suole STEAISIUT 90ULIINDII PIIBOTPUT I0F So3IeyoSTpP pooTd--'L 9and1yg

oe

9¢

"@€Z ©3TS 03 §ZZ °3TS WOII ISATY BUIOqBUYSIN 3ISOM JO

S3TIN 3¥VNDS 40 SAIUANNH NI ‘v3¥V 39VNIVHA

2e

8i

bi (0]

©

20

g0

\
el

A A

o] NV’

20

\

GO

\

0010

1 9

(8€2 a4is) bmo] ‘BinquOH 3A0QD J8AIY DU4OGDUYSIN-0000I890
{p€2 8iis) omo| ‘ydjopupy 40 JBAIY DUOQDUUSIN +S3M -00G80890
(822 241S) DMO| ‘YOOOUDH D JBAIY DUJOQDUYSIN JSaM - 01,0890

I

v
0
O

ol

02

o

oS

ONOJ3S ¥3d 1334 218nJ 40 SANVSNOHL NI ‘39¥VHOSIA

13



og

*8€C °3TS 03 9gZ 93TS WOAF ASATY BUIOQBUYSIN 3ISeF 3O

Wo3SuUTeW JUOTE STRAISIUT 2D2UIIINDIX Pe3eITPUl I0J s931vYOoSIp pooTd--'g 2aIn3TJg

S37IW 3¥VNDS 40 SQIYANNH NI ‘v3I¥V 39VYNIVHA

92 22 8l 14l

ol

(o]

!

"’\

_a— |

l\\\n\ 0ol

e |

060

.\..m\
I
_

001D

AL L

—
—
—
—
o

(8€2 241s)- omo| ‘BinqWDH BA0QD JBAIY DUJOGDUYSIN -0000I890
(L€2 911S) DMO| “¥DQ PAY D JBAIY DUJOQDUYSIN ISPI-00560890
(9€2 a41s) DMO| ‘O1juUD|}y JDBU JBAIY DUOQDUYSIN SDI-QI1260890
| | | |

g

(@)

ol

0¢

o¢

ot

oS

ANO0D3S ¥3d 1334 218ND 30 SANVSNOHL NI ‘39¥VHOSIA

14



METHOD FOR ESTIMATING THE MAGNITUDE AND

FREQUENCY OF FLOODS AT UNGAGED SITES

The flood-frequency equations presented in this report may be used to
estimate the magnitude and frequency of floods in most unregulated rural
streams in Iowa. These equations have been defined for streams with
drainage areas ranging from 0.7 to 374 square miles in hydrologic region 1,
from 0.08 to 1,670 square miles in hydrologic region 2, from 0.04 to 5,146
square miles in hydrologic region 3, from 7.9 to 3,440 square miles in
hydrologic region 4, and from 45 to 2,256 square miles in hydrologic region
5. Techniques to estimate flood discharges on the Mississippi and Missouri
rivers are described in reports by Patterson and Gamble (1968), Patterson
(1966), and Matthai(1968).

To estimate the magnitude and frequency of a flood at an ungaged site
proceed as follows:

1. Determine the size of the drainage area upstream from the site, in
' square miles. Drainage areas larger than 5 square miles are listed in
Larimer (1957).

2. Determine the hydrologic region in which the site is located using
figure 1. If the site is on the mainstem of the following rivers,
obtain the flood discharge directly from figures 2 to 8: Turkey River
downstream from Elkader at river mile 38 (site 27); Wapsipinicon River
downstream from Independence at river mile 145 (site 54); Cedar River
downstream from Waterloo at river mile 190 (site 116); Skunk River
downstream from Coppock at river mile 68 (site 140); Little Sioux River
downstream from Gillett Grove at river mile 124 (site 206); West
Nishnabotna River downstream from Hancock at river mile 75 (site 228);
East Nishnabotna River downstream from Atlantic at river mile 85 (site
236).

3. Select the appropriate set of equations ffom table 2 and compute the
flood discharges.

Commonly the project site will be near a border of a hydrologic
region. Such borders are not defined lines but transition zones where the
physiographic characteristics of one hydrologic region gradually merge into
the next. Within these transition zones, the selection of the appropriate
set of equations from table 2 is a matter of judgement. If part of the
stream begins in or flows across another hydrologic region, there may be
the need to use equations from both regions ind estimate a weighted average
based on drainage-area ratios. Many examples of stations located in
interregional transition zones are listed in table 1.

15



" Limits of Application

The regional flood-frequency equations in this report have been
derived from data on unregulated rural streams. Therefore, they are not
applicable to regulated streams, such as the Des Moines River downstream
from Saylorville Lake, the Iowa River downstream from Coralville Lake, or
other streams where changes by people have appreciably altered the flow
regime. Furthermore they are not applicable on sections of mainstems where
the magnitudes of floods are attenuated due to drainage basin geometry or
channel and valley storage.

TIllustrative Examples

Example 1.-- Estimate the 50 and 100-year floods for Dry Creek at the
road crossing in sec. 1, T. 84 N., R. 8 W., in Linn County.

Solution:
1. Drainage area (A) is 11.4 square miles (Larimer 1957, p.258).
2. Drainage area is located in hydrologic region 3 (fig. 1).
3. From table 2, the applicable equations are:

0.54
a

= 695A nd

Qs

0.53.
Qo0 = 8518 77

substituting 11.4 square miles for A,
QSO = 2,590 cubic feet per second, and
Q100 = 3,090 cubic feet per second.
Example 2.-- Of interest to many users is the recurrence interval of
previous floods of known magnitude. For instance, determine the
recurrence interval of a peak discharge equal to 10,500 cubic feet per
second on Potato Creek at a road crossing near the north county line,

in Pottawattamie County.

Solution:
1. Drainage area (A) is 23.0 square miles (Larimer, 1957, p.340).

2. Drainage area is located in hydrologic region 1 (fig. 1).

16



3. Appropriate equations from table 2 are:

Q2 = 211AO'62 = 1,470 cubic feet per second,
Q5 = 502A0'60 = 3,290 cubic feet per second,
0.60 .
Q10 = 757A = 4,970 cubic feet per second,
Q25 = 1140A0'57 = 6,810 cubic feet per second,
QSO = 1500.1&0'60 = 9,840 cubic feet per second, and
Qo0 = 1880A%°%9 _ 12 300 cubic feet per second.

4. On log-probability paper, plot Q_ versus its recurrence
interval, t, and fit a smooth curve through the points, as shown
in figure 9. From this graph, the recurrence interval of
10,500 cubic feet per second is 65 years. In terms of
probability, the chance of exceedence of this peak in a given
year is 1 in 65 or 4.5 percent.

Example 3. What is the probability that the 10,500 cubic feet per
second of example 2 will be exceeded in a 10-year period?

The probability of a flood being excéeded in n years is given by:

P
n

1-(1-1/8)"

where P = probability;
t = recurrence interval of flood, in years; and
= time, in years.

s}

Substituting for t and n, from example 2, in equation 1:

P 1-(1-1/65)10 = 1-(0.985)10 or

10

%o

1-0.856 = 0.144.

Therefore, the probability of the 10,500 cubic feet per second being
exceeded one or more times in the 10-year period is .1l4. The
probability of not having a flood of that magnitude in the 10-year
period is .86.

Example 4. Estimate the 50- and 100-year floods for the Cedar River
near the center of sec. 10, T. 85 N., R, 9 W., at the crossing of
county road M bridge in Benton County.

Solution:

1. The drainage area of the Cedar River at this point is 6,135
square miles (Larimer, 1957).
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2. From figure 4:

QSO = 77,000 cubic feet per second

Q100 = 87,000 cubic feet per second

The examples illustrate the various ways of wusing and interpreting
flood-frequency data. For a better undertanding of probability concepts
for design, the reader is referred to Chow (1964), and Linsley and Franzini
(1964).

SUMMARY

The report describes a method for estimating the magnitude and
frequency of floods on unregulated streams in Iowa. Five hydrologic
regions are defined on the basis of physiographic characteristics.
Flood-frequency equations were developed! by least-squares regression
analysis using data for 251 gaged stations. Regression analysis of
regionalized data relates flood discharage to the drainage-basin area and
can be used to estimate flood discharage at ungaged sites for 2-, 5-, 10-,
25-, 50-, and 100-year recurrence intervals. Drainage-basin size was the
most significant independent variable and it accounted for 71 to 95 percent
of the variance in all cases. Discharge of selected mainstem streams where
peak discharge is affected by factors of basin geometry was determined
graphically. The method described in this report is only applicable to
sites on ungaged streams that are not affected significantly by regulation
upstream from the sites and that the areas upstream from the sites are not
mostly in urban areas.
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Table 2.--Regional flood-frequency equations

Hydrologic region 1 Hydrologic region 2
(19 stations) (81 stations)

Equation for Standard error Equation for Standard error
indicated (percent) indicated (percent)
recurrence interval recurrence interval
q, = 211a°% 61 q, =196a""> 55
q; = 502a°%° 37 q = 4022”0 39
q, = 757a%° 28 Qq - 5708 34
Qg = 1,140a0-°7 24 Qs = 82140 2% 32
Qp = 1,50040- 0 21 QA - 1,02040-23 33
Qg = 1,880a° % 24 Qg = 1.2308°°° 36

Hydrologic region 3 Hydrologic region 4

(119 statioms) (24 statioms)
Equation for Standard error Equation for Standard error
indicated (percent) indicated (percent)
recurrence interval recurrence interval
Q, - 1294062 bt Qq, - 314077 40
q; = 265407 36 q, = 67877 33
q, = 381a°°7 35 Q, - 98l 70 31
Q= 55540"°° 37 Qs = 1454°°%% 29
0.54 0.66
Q50 = 695A 39 Q50 = 180A 30
_ 0.53 _ 0.65

Q100 = 851A 41 QlOO = 227A 30

Hydrologic region 5

(8 stations)

Equation for Standard error
indicated (percent)
recurrence interval
Q, - 304066 27
q; =377t 21
q, = 41a%7" 20
Q= 458’7 2,
Q, = 478”7’ 24

0.80
Qo = 20 26 28
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